Abstract. The near-contact system RU UMi with an F0 primary and a K5 secondary was observed in U , B and V wavelengths in May and July 1998, as well as in March, May and July 1999. Six new observed times of minima are given and a new ephemeris is proposed. The basic parameters of the system extracted by our observations were used for spot modelling of the light curves. A simple spot distribution was determined, based on a model with one relatively small cool spot on the surface of the secondary. Absolute elements were calculated and the evolutionary status was determined. Our data favor a semi-detached configuration, with the secondary filling its inner Roche lobe; the primary must also be near the limits of its lobe.
Introduction

RU Ursae Minoris (BD+70
• 0751) was discovered as an eclipsing variable star by Strohmeier & Knigge (1960) . After its discovery, numerous observations of the system have been made by various observers. Summarized observational aspects and light curves of RU UMi have been reported by Wood (1971) , Nha (1973 ), De Bernardi (1977 , Okazaki et al. (1988) , Rafert (1990) , Bell et al. (1993) and more recently by Maxted & Hilditch (1996) . A photometric solution has been also determined by Kaluzny (1985) . A spectroscopic orbit of the system was obtained by Maxted & Hilditch (1996) . RU UMi is an eclipsing binary that can be classified as a near-contact or semidetached system. Shaw includes it in both his first (1990) and his second (1994) catalog of near-contact systems as one whose subclass, FO Vir or V1010 Oph, is unknown. According to Shaw (1990) , as FO Vir type systems are defined those that have a primary component of normal size inside its Roche lobe and a 2 to 3 times oversized secondary at or near its Roche lobe. V1010 Oph are defined as those with a normal primary at or near its Roche lobe and an up to 1.5 times oversized secondary well inside its Roche lobe. Members of the latter subclass often show asymmetrical light curves, while the members of the FO Vir subclass never do. Therefore, we observed and anSend offprint requests to: P. G. Niarchos, e-mail: pniarcho@cc.uoa.gr Table 2 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strabg.fr(130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qeat?/A+A/369/960 alyzed the system in order to determine, among others, its subclass and evolutionary state.
Observations
The photoelectric photometry observations of RU UMi were made over 12 spring and summer nights in 1998 and 1999, namely on May 26-28 and July 19-24 of 1998 and also on March 13-14, May 13-14 and July 8-11 of 1999. (Some low-quality data taken during the night of March 12-13, 1999, were omitted from the subsequent analysis.) The instruments used were the 122-cm Cassegrain reflector at the Kryonerion Station of the National Observatory of Athens and a pulse-counting photoelectric photometer. The three intermediate pass-band filters used were selected to be in close accordance with the standard color system UBV , however the data have not been transformed to the standard system. The stars BD+70
• 749 and BD+70
• 754 were used as comparison and check stars, respectively. A total number of 699 observations were obtained in each color, 329 from the 7 nights of 1998 and 370 from the 5 nights of 1999. The photometry software coupled with the photometer calculates the nightly extinction coefficients for each filter and automatically corrects for differential extinction. The probable error of a single observation was estimated to be ±0.010 mag in yellow and ±0.012 mag in blue and ultraviolet. Figure 1 shows all the observations made in the two-year period. Individual observations are available in electronic form upon request. 
Times of minima
Six new times of primary and secondary minima were obtained from our observations, and they were calculated using the method of Kwee & van Woerden (1956) . Three different times for each minimum were computed, one for each color, and these were combined to give the values listed in Table 1 . From our minima times the following new ephemeris has been derived by a linear least square fit:
No indication of period change can be inferred by comparing our ephemeris with the more recent ephemeris by Bell et al. (1993) .
Unspotted solution
RU UMi exhibits a light curve with the first and the second quadrature equally bright. Our light curves do not show an O' Connell effect, as one can see better in the higher-quality 1999 curves. If such an effect is present, the difference between the two maxima is smaller than the error in all light curves. As a first approximation, we solved the light curves assuming that there are no spots on the components of the system. 100 normal points for each color and year were formed from the individual observations and assigned weight equal to the number of observations per point. These points for the 1999 observations, together with their respective weights, are given in Table 2 . From an inspection of the curves, we decided that the observations in the phase interval 0.55 to 0.92 should be excluded, as this part of the light curve could be slightly affected by the presence of spots (as suggested by Maxted & Hilditch 1996) . The subscripts 1 and 2 refer to the star being eclipsed at primary and secondary minimum, respectively. The 1996 version of the WilsonDevinney code was used in the light curve analysis. A starting set of input parameters for the unspotted solution was adopted from the values of Rafert (1990) . A q-search gave a starting value for q = 0.4; the adjustable parameters for the main runs were: the conjunction phase φ, the inclination i, the temperature T 2 of the secondary, the non-dimensional surface potential Ω, the mass-ratio q = M 2 /M 1 and the non-normalized monochromatic luminosities L 1 (L 1V , L 1B and L 1U ). The fixed parameter was the temperature T 1 , adopted from the value given by Rafert (1990) . Assumed values for limb darkening (Van Hamme 1993), gravity darkening and bolometric albedos, according to the spectral types of the components, were used, while the third light was assumed to be zero. The results converged only when Mode 5 was used, i.e. the mode for the case when the secondary star exactly fills its limiting lobe. In this case, the surface potential Ω 1 is a free (adjustable) parameter, but not Ω 2 . The reverse is true for Mode 4. The results are given in Table 3 . Besides Mode 4, Modes 2 and 3 were also tried, without achieving convergence.
Our final values of q are in good agreement with the spectroscopic mass ratio obtained by Maxted and Hilditch. However, they adopt a lower T 1 value of 7200 K.
Spot modelling
The parameters found in the unspotted solution for the 1999 light curve were subsequently used in the Binary Maker 2.0 program (Bradstreet 1993) to model the light curves with spots. This program allows up to six spots to be placed on the surface of the components. However, since there were no major observed variations and asymmetries of the light curves, we adopted the simplest possible model, placing only one cool spot on the surface of the cool secondary, since the temperature of the primary is, in theory, too high to allow spots. The spot modelling Table 4 . The longitude of the spot near 180
• agrees with the suggestion by Maxted and Hilditch that large-scale spot activity is concentrated on the averted hemisphere of the secondary component of the system. However, we feel that this fact can equally well suggest that no spots are present, but rather that the inclination of the system is higher, as in the unspotted solution; note that Σ(res) 2 in the case of the spotted solution is practically the same as in the case of the unspotted one for 1999. Moreover, the existence of spots on the surface of the secondary, which contributes a few percent of the total light of the system, cannot be expected to have a measurable influence on the shape of the light curve. Theoretical light curves based on the unspotted and spotted solution 
0.3093 ± 0.0003 Σ(res) 2 0.0371 * assumed along with the observed ones (normal points) are shown in Fig. 2 . Three-dimensional models of the system with the spot visible at phase 0 are given in Fig. 3 , while in Fig. 4 we give an outline of the configuration of the system.
State of evolution
From our solution and from the spectroscopic orbit by Maxted and Hilditch for a radiative atmosphere of the primary, we obtained the following absolute elements in solar units: the secondary appearing also somewhat less evolved than in the M-R diagram. On the other hand, in the H-R diagram the primary lies almost exactly part way between the solar-metallicity ZAMS and TAMS lines, and the secondary slightly beyond the TAMS line, both being in comparable positions with the stars of the sample of Hilditch et al. (1988) . An immediate conclusion strengthened from these results is that RU UMi is definitely a FO Virginistype of near-contact binary system rather than a V1010 Ophiuchi-type one, in accordance with the photometric property of having equally bright maxima. It even shares with FO Virginis itself an equally evolved secondary (in the H-R diagram the secondaries also occupy almost the same position) and a very bright and massive primary, although less evolved in the case of RU UMi. If the generalization by Shaw (1990) holds true, it should moreover exhibit a lack of period change.
Discussion and conclusions
From the results obtained using the Wilson-Devinney code it seems more probable that the system of RU UMi is semi-detached, with the secondary filling its inner Roche lobe, which in the case of synchronous rotation and circular orbit coincides with its limiting lobe. The primary must also be near the limits of its lobe, because the code tended to give values for the Ω 1 potential close to the Ω (in) value for the final mass ratio we derived. The system is a FO Virginis-type of near-contact binary. Concerning the uniqueness of our result, solutions with different spot combinations may equally well fit the observed light curves. This is a general problem of light curve fitting with spot models. Because of the non-uniqueness of such solutions, we refrained here from trying further spot combinations. As far as the evolutionary state of the system is concerned, the similarity with the A-type W UMa contact binaries, as supported also by this study, suggests that the FO Vir near-contact systems are either precursors or temporarily detached stages of the A-type W UMa systems.
